Understanding soil properties and their productiveness under different land use management have proved to be useful for sustainable development and efficient utilization of limited land resources. A systematic soil survey was made for the first time in the Ethiopian Rift valley flat plain areas of Gamo-Konso Massifs. The objectives were to: (1) identify the land uses and their role on soil physicochemical properties under varying climatic conditions; (2) assess the nature and extent of soil salinity problems; (3) identify best land use management practices. Annual crops (AA); perennial crops (AP), and Natural Forest (NF) land-uses were identified. The result showed organic carbon (OC) and total nitrogen (TN) were varied along different land uses. Generally, OC, TN, percentage base saturation, exchangeable (potassium, calcium and magnesium), available, phosphorus (P2O5), manganese, copper and iron contents decreased in cultivated areas. The AA has less nutrient content compared to AP in irrigated agriculture while in AP it is greater than AA under rainfed. Clay, TN, P2O5 and available potassium (K2O) contents were correlated positively and highly significantly with OC and electrical conductivity (EC). In conclusion, the study revealed that most of the soil properties are influenced by land use management. Therefore, it could be recommended to include management practices that increase OC and TN in the system, when the land is continuously cultivated. Reclamation of the areas should start by considering available options like crop rotation as a good means of management.
Soil, land, water and forests are the foundations of Ethiopia's economic development, food security and livelihood sustenance. These issues face additional pressures through climate variability and stresses (FDRE, 2011) . Understanding soil properties and their productiveness under different land use management have proved to be useful for sustainable development and efficient utilization of limited land resources (Buol et al., 2003) . Likewise, the soil is an important nonrenewable land resource determining the agricultural potential of a given locality. In Southern Ethiopia, sustainable soil management practices that are based on the understanding of soil systems are not practiced effectively in most part of the area (Tuma, 2007) . Also, the land-use pattern in the study area is substantially changed through time with the implementation of modern irrigation and subsequent infrastructure development such as road facility and emerging market-based economy system during the last few decades. Hence, there is a need to initiate a detailed soil productivity analysis in different parts of the country in relation to land management. There is a wide set of soil fertility issues that require approaches that go beyond the application of inorganic fertilizersthe only practice applied at large scale to date (IFPRI, 2010) . Core constraints include depletion of organic matter due to the widespread use of biomass as fuel, depletion of macro and micro-nutrients, topsoil erosion, depletion of soil physical properties, and increased soil salinity. Regarding to inorganic fertilizer application (IFPRI, 2010) , there are a set of value-chain constraints: (1) Chemical fertilizer faces limited reach of needy farmers where appropriate application can enhance yields; (2) Bio-fertilizer is constrained by low demand, due to lack of awareness and understanding of the product, and limited production capacity. Extensive testing to identify appropriate products is needed; however, research efforts are currently limited towards this end. In Ethiopia due to the belief that the soils are developed from K-rich parent material, attention is not given to potassium (K) fertilization. It is only P and N fertilizers that are being used in the country. But the belief is based on the work done before 30-40 years by Murphy (1968) , which indicated that the K content of most Ethiopian soils is high. However, in current soil analysis availability of K in the soil is lowered. Moreover, the soil fertility interventions are constrained by lack of up-to-date data; these interventions depend on major national soil surveys dating to the 1980s (FAO) and macronutrient studies from the1950s-60s and inhibit adoption of these practices by smallholder farmers. Also, fertilizer application per hectare of land is not uniform, soil fertility status is not identified and productivity is lowered because of low fertilizer rate usage and other related factors in the study area. According to MoA (1995) , the major indicators for the evaluation of potential soil fertility are (1) soil organic matter (SOM), (2) cation exchange capacity (CEC), (3) soil pH, (4) soil texture, and (5) available phosphorus (Av.P). In addition, standard soil fertility attributes such as soil depth, soil pH, OC, N, P, and K are important parameters in terms of plant growth, crop production and microbial diversity and function (Doran and Parkin, 1994) . SOM is a very important fraction of the soil because of its high CEC and retaining nutrients against leaching losses. Depending upon the parent material and extent of weathering, the TN (%) content of soil all over the world ranges from 0.015 to 0.137 (Ramesh et al., 2007) . All soils contain some water-soluble salts, but when these salts occur in amounts that are above required optimum level, they are harmful and toxic for plants; (Denise, 2003) . The soluble salts that occur in soils consist of mostly various proportions of the cations Ca 2+ , Mg 2+ and Na + , and the anions Cl -, and SO4 2-. Constituents that ordinarily occur only in minor amounts are the cation K + and the anions HCO3 -, NO3and CO3 2but soluble carbonates are almost invariably absent. Saline soils are often recognized by the presence of white crusts of salts on the soil surface called "White alkali" and irregular plant growth (Denise, 2003) . Hence, land-use and type of vegetation must be taken into account when relating soil nutrients with environmental conditions (Ramesh et al., 2007) , and in characterizing soil nutrients/soil nutrient stocks.
At present, about 80% of the study area is under cultivation (Tuma, 2007) , it was found to be of paramount importance to study soil physicochemical properties, soil macro and micronutrients in relation to different land use systems in comparison with natural forest soils. The main objective of the current study was to assess the effect of different land uses management on soil fertility status in rift valley areas of Gama-Konso massifs, Ethiopia.
MATERIALS AND METHODS

Descriptions of the study area:
The study area is located within the Abaya Chamo lakes basin. It comprises two watersheds Sille-Sego and Arguba-Wezeka. The area lies in between 05°39'36" and 05°54'2" N and 37°24'36" to 37°30'2" E at an altitude range of 1100 to 1280 masl. The pattern of the topography of the catchment is composed of flat plain in the west-around Lake Chamo and the Rift Valley escarpment hills in the west and north. The parent materials of the catchment are alluvium along the river and lacustrine along the lake that are derivatives from the rocks (GME, 1975; EMA, 1975) .
According to the climatic data taken from 1992 to 2012 from the nearby meteorological stations (at Arba Minch and Gedole), the mean annual rainfall in the study area is 930 mm. The rainfall season is from May to October and it has two peaks (May and August) with no distinct dry season between the two peaks. The mean annual temperature is 19.9°C and monthly values range between 17.7°C in July and 22.1°C in February and March. In general, the length of Growing Period (LGP) of Arba Minch area is 61 days (Lemma, 1996) ; this implies that evapotranspiration is by far greater than rainfall and the need to supplement irrigation water for growing of different crops is mandatory.
Primary Data Collection and Land Uses
Classification: Semi-structured questionnaires were used to gather pertinent information on land uses, history of cultivation, cropping patterns, soil management practices, etc. In addition, observation, discussion and interview were made at each village level with seniors. Discussions were focused on overall performance, history of the respective land use systems. With respect to the farm level, five adjacently located farm owners were interviewed in order to know the farm history. A field survey was carried out to collect data on the current land use systems and the physiognomic vegetation classification system in accordance with FAO (1985 FAO ( , 1995 FAO ( and 2006 , and secondary data were collected from respective Kebele offices. The agro-ecological zonation attributes determine similarities, such as (1) comparable agroclimatic conditions for annual cropping, perennial cropping, or agroforestry, and (2) comparable land resource conditions such as soils or vegetation parameters (Hurni, 1999; Tuma, 2007) .
Soil sampling and laboratory analysis: Surface soil samples were taken from (0-20 cm depth) at randomly from 60 soils sampling sites and six composites were prepared from 60 samples following the standard procedures of composite soil sampling method. These samples were air dried and passed through 2-mm sieve for determination of physical and chemical characteristics in Water Works Design and Supervision Enterprise laboratory Service in 2012. Particle size analysis was carried out by the modified sedimentation hydrometer procedure (Bouyoucos, 1951) . The pH of the soils was determined in H2O (pH-H2O) and 1M KCl (pH-KCl) using 1:2.5 soil to solution ratio using pH meter as outlined by Van Reeuwijk (1993) .
The organic carbon content of the soil was determined using the wet combustion method of Walkley and Black as outlined by Van Ranst et al. (1999) . Soil TN was analyzed by the wet-oxidation procedure of the Kjeldahl method (Bremner and Mulvaney, 1982) . The P2O5 contents of the soils were analyzed using the Olsen sodium bicarbonate extraction solution (pH 8.5) method as outlined by Van Reeuwijk (1993) and the amount of P2O5 was determined by spectrophotometer at 882 nm and K2O (Jackson, 1967) . The available N was estimated from OC content of the soils. Exchangeable basic cations and the cation exchange capacity (CEC) of the soils were determined by using the 1M ammonium acetate (pH 7) method according to the percolation tube procedure (Van Reeuwijk, 1993) . The exchangeable Ca and Mg in the leachate were determined by Atomic Absorption Spectrophotometer (AAS), whereas exchangeable K and Na were measured by flame photometer. CaCO3 was determined by acid neutralization method using HCl. Exchangeable cation was measured from a soil saturation extract by a conductivity meter. Available micronutrients (Fe, Mn, Zn, and Cu) contents of the soils were extracted by diethylene-triaminepentaacetic acid (DTPA) method (Tan, 1996) and the contents of available micronutrients in the extract were determined by AAs. The soil samples were processed and analyzed for all above-mentioned parameters.
Statistical Analysis: Randomized Complete Block Design (RCBD) was used for the selected soil physicochemical properties. Data analysis was carried using SAS 8.2 Version System (SAS, 2001) to compare the effects of different land uses on soils physicochemical properties.
RESULTS AND DISCUSSION
Land Use Systems in Lowland Areas of Gamo-Konso
Massifs: The studied land use systems were generally found within slope range between almost flat (1%) and slightly sloping (2%). Smooth variation in elevation is suitable for surface irrigation with respectable to topography. Thus, the slope <10% is considered to be a suitable range of slope classification for surface irrigation with minor adjustment to negotiate the natural slope. The soils of land uses were young and derived from alluvium deposits (Table 1) . Mesfin (1998) has also indicated that flooding obstructs the pedogenic material. Generally, there is low runoff and good drainage in the study area soils (Table 1) , probably due to the slope of the landscape position ( Table 1 ) and depth of the soil (Table 2 ). In the escarpment between lowland catchment and highland areas, the scattered trees were cleared and replaced by the settlement of human population because of a shortage of farmland in the nearby highlands, absence of other livelihood alternatives to rural-urban migrants, and proliferating rural poverty and unemployment. Most of the researchers agree that the poor are victims of resource degradation, and the resource depletion and degradation become worse when it is open access to all with high demand. Apart from the deforested hilltops, the study area was remarkably well covered by recently introduced fruit trees. There was a breakthrough in the production and transforming the livelihoods of the inhabitants from a survival level to the elevated way of life at lowlands in the irrigated zone; fast changes are taking place now in farming systems, individual crops, peoples' lifestyles, breaking of traditional systems. For example, improved farming methods such as mulching, intercropping, and shifting cultivation were also well practiced. The cropping pattern of the area was substantially changed through time, particularly, the fruit crops' production was increased and fruits became the main plants growing in the irrigated area. As a result, the smallholders farming systems in the area are dominated by banana, mango and mixed farming system or agroforestry, and annual field cropping of maize, sorghum, cotton and other pulse crops in the rainfed agriculture. Moreover, vegetation in the lowland areas of Gamo-Konso Massifs is varying according to variability in rainfall, soil salinity and soil moisture contents (Table 2) . The dominant land use systems are classified as annual farming of maize and/or sorghum system (AA), Perennial including Agroforestry Farming System (AP) and Representative Natural Forest and Woodland System (NF); and each of them was considered for this specific study (Table 2) . Community categorize their farming system based on watercourse soil fertility status, viz.: cash crop farming (nearby watercourse); subsistence farming (midway watercourse); and mixed farming (at extreme distant to watercourse and moisture stress). Accordingly, the survey result from the Kebele has indicated that maize and banana fields were the dominant land use units in irrigated land uses, whereas subsistence and agroforestry farming systems were dominant in rain-fed agriculture. This is in agreement with Jarvis and Hodgkin (2000) that farmers shape the distribution and degree of diversity for the crops both directly through selection, and indirectly, through the management of biotic and abiotic agroecosystem components.
Soil Fertility Status in Lowland Areas of Gamo-Konso
Massifs: Soil Organic Carbon (SOC) and Total Nitrogen (TN): Soil organic matter (SOM) values of surface soils varied from 1.28 to 4.67% (Table 4 ) along land uses, and SOM was low in agricultural fields. The SOM content of rainfed agricultural land uses was low for AA4-CeSo and AP1-MfMo whereas medium for all irrigated land uses. This indicates that for both irrigated and rainfed land uses, without application of nitrogen-containing fertilizers no adequate yields can be achieved.
We observed that specialized indigenous soil and water conservation practices used by Dherashe people locally called "Targa" was practised for many years up until now. The practice allows the permanent return of crop residuals into the soils systems of AA4-CeSo soils had the potential to sequester carbon compared to AP1-MfMo system in the soils. 'Targa' is a physical soil and water conservation method like terracing in Konso area, whereby stalk of sorghum, maize and other stalk bearing crops are piled in rows and placed at intervals of two to three meters and utilized as an organic fertilizer (humus). Organomineral complexes can also be formed with ions, particularly metallic ions such as Fe 2+ , Cu 2+ , Zn 2+ , and Mn 2+ , which will make them more available for plant uptake than in the mineral form ( Table 4 ). The TN content of the surface soils ranged from 0.05 in AP1-MfMo to 0.33% in PN-FsSe. The TN content of the surface soils is categorized from low to medium except for PN-FsSe, which was at high range. Accordingly, the TN content of soils are categorized as low (< 0.15), medium (0.15 -0.25) and high (>0.25) ( Table 4 , Havlin et al., 1999) . The difference in OC and TN content among the land uses could be attributed to the effect of variation in land use management along the watersheds. The distribution pattern of TN across land uses was similar to that of SOM, since SOM contents is a good indicator of available nitrogen status in the soil. Intensive and continuous cultivation aggravated OC oxidation, resulted in a reduction of TN as compared to PN-FsSel. The results are in accordance with the findings of Tuma (2007) who reported that intensive and continuous cultivation forced oxidation of OC and thus resulted in a reduction of TN.
Available phosphorus (P2O5) in Soils:
The P2O5 contents of the surface soils is an essential element for plant growth; hence it is an important soil fertility indicator. The P2O5 content of the surface soils is very high, and it ranged from 39.28 to 251.34 mg/kg with a mean value of 117.40 mg/Kg (Table 3) , which is in a very high range for all land units. The available Olsen P2O5 (mg/kg) contents of the soils rated as very low (<5), low (5-9), medium (10-17), high (18-25) and very high (>25) ( Table 4 ; Havlin et al., 1999) . The highest concentration of P2O5 under the PN1-FsSe is attributed to the accumulation of SOM due to little soil disturbance as compared to the AA4-CeSo. Higher P2O5 values in the surface horizon could be attributed to the difference in SOM contents, the difference in land use management and the neutral and near neutral range soil pH. In most soils, there is an increase in P2O5 after flooding, due to increased solubility of Ca phosphate in calcareous soils, and greater diffusion (Havlin et al., 1999) . The high and positive correlation (r = 0.91**) obtained between TN, OC and P2O5 (Table 4) indicates SOM highly contributes to P2O5 of soils. Based on the above results it is not compulsory to apply P2O5 in all the land use systems studied. The C: N ratio of surface soils ranged from 7.95 to 15.59 suggesting that the studied soils had a moderate to good quality SOM (Table 4 ). It is generally accepted that C: N ratios between 8 and 12 are considered to be the most favourable, implying relatively fast mineralization of nitrogen from the organic materials. Generally, the observed C: N ratio status in surveyed sites suggests ideal conditions for plant growth, however, the lower the C: N ratio is because of the lower the OC and TN in some studied sites. *, **, *** Significant at 0.05, 0.01 and 0.001 or more than probability levels, respectively.
Available potassium (K2O) in Soils: In the studied areas, the K2O content of the surface soils was ranged from 190.82 to 546.59 mg/kg of soil with a mean value of 315.33 mg/kg, which is in a very high range.
Generally, K2O5 rated as very low (<120), low (121-240), medium (241-300), high (300-360) and very high (>360) ( Table 3 ; Tandon, 2005) . The positive and high correlation (r=0.87*) obtained between clay and K2O indicates the prevalence of a potassium-rich clay mineral (Illite) in these soils that highly contributes to K2O of soils, which is in agreement with Kanwar (1959) . Since the very high CEC values ranged from 33.84 to 39.44 cmol (+) kg -1 in the studied soils, it is generally indicating the presence of Illite (micas) clay minerals in the soils. Bierman and Rosen (2005) as indicated that cation exchange is the major nutrient reservoirs of K + , Ca 2+ and is also important in holding N in ammonium (NH4 + ) form. The positive and very high correlation (r = 0.96***) obtained between exchangeable K and K2O (Table 4) indicates exchangeable K highly contributes to K2O of soils. Vegetation restoration increases the accumulation of soil K because the nutrient-rich branches and coarse litter fraction are all-important nutrient sources.
Micronutriments (Fe, Mn, Zn, Cu) in Soils: The concentration of available micronutrients in studied soils were found to be Fe> Mn> Cu> Zn in almost all surface soils. This is in agreement with various works which stated that Zn contents are variable and, Fe and Mn contents usually at an adequate level in Ethiopian soils (Desta, 1982; Fisseha, 1992; Abayneh, 2005; Tuma, 2007) . Concentrations of Fe, Cu and Zn of surface soils are negatively correlated with soil pH ( Table 4 ). The solubility and availability of micronutrients are largely influenced by clay content, pH, SOM, CEC, the phosphorus level in the soil and tillage practices (Fisseha, 1992) . Cu in the soil is adsorbed on clays and oxides that complexed with SOM, thus inducing its retention and immediate unavailability for the plant (Tuma, 2007) . The authors have demonstrated that organically enriched surface soils contain a higher concentration of Cu than the subsurface soils. For example, Fe (r= -0.83*) was negatively and significantly correlated with silt indicated that the availability Fe decreased as silt content increases in the soil. Dissimilar results were reported by Sharma et al. (1996) who found a positive correlation between Fe and silt. Moreover, the Fe (r = 0.76*, 0.90*, 0.92**) was positively and significantly correlated with OC, TN and AP, respectively that the availability Fe increased as OC, TN and AP content increase in the soil. TN and AP contents correlated positively and highly significantly (r = 0.91**) with OC. The availability of micronutrients increased with OM content might be ascribed to greater availability of chelating agents through OM. These results are in agreement with Yadav (2011) and Khalifa et al. (1996) .
Exchangeable Bases (K, Ca, Mg) : Exchangeable K + levels ranged from 0.35 -1.37cmol kg-1 in the soil (Table 5 ). Exchangeable K + in the soils rated as very low (< 0.2), low (0.2-0.3), medium (0.35-0.6), high (0.6-1.2) and very high (>1.2) (FAO, 2006) that for most of the crops, the recommended threshold level of K + is 0.3-0.6 cmol (+) kg -1 . This result generally suggests that K + is not a limiting mineral element to crop productivity except in AP1-MfMo site. Since it is generally accepted that response to K fertilizers is likely when soil has an exchangeable K value of < 0.2 cmol (+) kg -1 soil and unlikely when it is above 0.4 cmol (+) kg -1 soil (Table 5 ). Exchangeable Ca 2+ in the surface soils of the studied land uses were ranged from 18.58-29.96 cmol (+) kg -1 i.e., all studied land uses were rated as high to very high (Tables 4). For most of the crops, the recommended threshold level of Ca 2+ is 5-10 cmol (+) kg -1 . The high to very high levels of Ca 2+ in all studied soils indicate lower bondage of Ca 2+ to Phosphorus (Table 4) . Similarly, Mg 2+ content was high to very high in all soils with values ranging from 3.02-9.07cmol (+) kg -1 (Table 4 ). For most of the crops, the recommended threshold level of Mg 2+ is 1.0 -3.0 cmol (+) kg -1 . The high to very high levels of Mg 2+ in the soils suggest that the soils have sufficient natural Mg 2+ supplies for crop growth in the studied sites. The exchange complex of the soils is dominated by Ca followed by Mg, K and Na (Table 5 ). This result is in agreement with Tuma (2007) findings on fluvial soils in Gamo Gofa zone, Ethiopia, that Ca followed by Mg, K, and Na in the exchange site of soils are favorable for crop production. Though different crops have different optimum ranges of nutrient requirements, the response to calcium fertilizer was expected from most crops when the exchangeable calcium is less than 0.2 cmol (+) kg -1 of soil, while 0.5 cmol (+) kg -1 of soil was the deficiency threshold level in the tropics for Mg (Landon, 1991) . For most surface soils the (Ca 2+ +Mg2 + )/ (Na + +K + ) ratios was in between 1 and 4 except for AP2-FrBa and FN1-FxTa, and the Ca ++ /Mg ++ -ratios are >1 and varied from 2.0-3.5 for all land uses (Table 5 ). It is believed that these soils are dominated by Ca and Mg over Na and K and remained stable structure even when the salts are flushed out of the soils, for example in land uses (AA6-CeMa and FN1-FxTa) (Figure 1) . Therefore, these soils are characterized as calcium-dominated saline soils (FAO, 2001) . Notably, the anions are equally important in affecting the growth potential of the plants if they are in the order of importance HCO3 -+CO3 2->SO4 2->Cl - (FAO, 2001) .
Cationic balances: The cation exchange capacity (CEC) status in the soil ranged from 33.81-39.44 cmol (+) kg-1 was rated as high (Table 5 ; Landon, 1991) . The higher the CEC, the more capable the soil can retain mineral elements. It is generally accepted that SOM is responsible for 25-90% of the total CEC of surface mineral soils (Oades et al., 1989) . The high CEC values in surface soils have also been implicated with high yield in most agricultural soils and CEC values in excess of 10 cmol kg -1 are considered satisfactory for most crops (FAO/IIASA/ISRIC/ISS-CAS/JRC, 2012), and the clay content, the clay type and the OM content all determine the total nutrient storage capacity. Percent base saturation (PBS) of the soils ranged from 82.33 (PN1-FsSe) to 96.29 (AP2-FrBa), which indicates high fertility of the soil. Soils with high PBS are considered more fertile because many of the "bases" that contribute to it are plant nutrients. A positive and strong correlation (r = 0.68* and r = 0.74*) correlation was found between PBS and pH-H2O and pH-KCl (Table 4 ) indicating that the strong association of PBS with pH-H2O and pH-KCl, respectively. Our results have indicated K: CEC ratios in AP1-MfMo to be less than the suggested guidelines and plants would probably respond to the addition of K2O fertilizer (Table 6 ). This disproves the generally believe that Ethiopian soils are rich in K2O thus, requires further consideration in K2O fertilization. Conclusion: the study revealed that most of the soil properties are influenced by land use management. Therefore, it could be recommended to include management practices that increase OC and TN in the system, when the land is continuously cultivated. Therefore, reclamation of the areas should start by considering available options like crop rotation as a good means of management. Use of leguminous species that add N to the system are appropriate, however, nutrient flows and soil-plant analysis are required to give a concrete recommendation. Nutrients concentrations for most of the soil properties in the study showed that AP > AA systems in irrigated soils while in rainfed soils AA > AP. AP system improves soil productivity provided that nutrients are not removed from the system, because of the long fallow period and reestablishment of deep-rooted perennial plants.
